The cytodiagnosis of melanoma in fine-needle aspiration (FNA) specimens can be challenging, often requiring the use of immunocytochemistry. As constitutively activating mutations in the BRAF oncogene are present in at least 40% of melanomas, the use of FNA material to interrogate the BRAF mutational status is likely to increase. Because cell blocks, traditionally used for these studies, can occasionally exhibit insufficient tumor cellularity, the authors investigated the utility of direct smears for immunocytochemistry and BRAF mutational analysis. METHODS: Immunocytochemistry for S-100, HMB-45, and Mart-1 was prospectively performed on direct smears in 17 FNAs of metastatic melanoma. Next, BRAF sequencing was performed using DNA isolated from archived Diff-Quik-stained direct smears for 15 cases.
to currently available systemic therapies such as high-dose interferon, dacarbazine, temozolomide, and high-dose interleukin-2; the survival advantage offered by these agents is marginal. 2 Fine-needle aspiration (FNA) represents a minimally invasive technique and an accurate, safe, and affordable means to achieve a tissue diagnosis. FNA is therefore becoming an increasingly used modality to establish a diagnosis of metastatic melanoma. [3] [4] [5] [6] An early definitive diagnosis of metastatic melanoma can facilitate prompt, appropriate management including surgical removal or avoidance of unnecessary surgery and accurate staging of patients in clinical trials. 6 Because melanoma can exhibit a variety of cytomorphologic features and mimic other neoplasms such as carcinomas and sarcomas, identifying melanoma in aspirates and distinguishing it from its mimics can occasionally be challenging. [7] [8] [9] The presence of melanin pigment can be helpful in the cytodiagnosis of melanoma; nonetheless, amelanotic melanomas are commonly encountered in FNAs. Specifically, through their analysis of a large series of melanoma FNAs, Saqi et al 9 discovered that 68% of melanoma specimens failed to demonstrate any identifiable intracytoplasmic melanin pigment. Hence, cytopathologists can potentially face difficult scenarios in which a melanoma must be accurately distinguished from benign, reactive processes and from other malignant entities based on limited material. Immunocytochemistry is commonly used to confirm a diagnosis of melanoma in FNA specimens. 8, [10] [11] [12] [13] Common markers used in this regard are antibodies directed against S-100, HMB-45, and Mart-1/ Melan-A. In addition, the lack in understanding of signature genetic aberrations associated with melanoma has confounded the ability for targeted therapy for metastatic melanoma. However, the recent discovery that constitutively activating mutations in the BRAF oncogene are present in at least 40% of melanomas has created strategic opportunities for targeted therapeutics. 2, 14, 15 The V600E and V600K substitutions represent the 2 most common BRAF mutations in melanoma. 16 Clinical trials are currently being performed to assess the efficacy of BRAF inhibitors in the treatment of melanoma. Recently, Flaherty et al 2 reported that in patients with melanomas harboring the BRAF V600E mutation, therapy with PLX4032 results in partial tumor regression in the majority of cases. Another report by Rubinstein et al 17 suggests
that melanomas harboring the V600K mutation could also respond to PLX4032. Routinely, immunocytochemical and molecular ancillary studies have used cell blocks prepared from melanoma FNAs. Occasionally, insufficient cellularity of the cell blocks can be a problematic issue, thereby impeding the performance of these assays. This can lead to repeat procedures to obtain additional cellular material, which are not without potential complications. Given the inherent unpredictability of cell block cellularity and the increased need to interrogate the immunophenotype and BRAF mutation status of melanoma FNAs, the purpose of this study was 2-fold. We first sought to prospectively investigate the application of immunocytochemistry for S-100, HMB-45, and Mart-1 to cytologic direct smears. We then extended our analysis by demonstrating that BRAF mutation testing can be effectively performed on Diff-Quik-stained cytologic smears.
MATERIALS AND METHODS
This study was approved by the Institutional Review Board at the University of Michigan. First, 17 consecutive cases of metastatic melanoma were prospectively evaluated in which unstained direct smears were prepared, using positively charged slides, for confirmatory immunocytochemistry. Immunocytochemistry was performed on air-dried, unstained direct smears after fixation in formalin for 30 minutes using the Ventana Autostainer (Ventana Medical Systems, Tucson, Ariz) as performed previously. 18 Incubation with a rabbit polyclonal antibody directed against S-100 (prediluted; Ventana Medical Systems) was performed for 24 minutes without pretreatment. Incubation with mouse monoclonal antibodies against HMB-45 (prediluted; Dako, Carpenteria, Calif) and Mart-1 (clone A103, prediluted; Ventana Medical Systems) were performed for 16 minutes and 20 minutes after antigen retrieval with CC1 buffer (pH 8.5) at 95 C for 8 minutes and 36 minutes, respectively. Positive and negative controls were performed in parallel. Negative controls were performed on unstained direct smears. Positive controls were performed using formalin-fixed, paraffin-embedded sections of melanoma. Furthermore, for comparison, cell block sections were used for immunohistochemistry when tumor cells were present in the cell block (14 of 17 cases). The cell blocks in 3 cases were acellular, precluding comparative immunohistochemistry. Sixteen cases of metastatic melanoma were amelanotic and 3,3 0 -diaminobenzidine (DAB) was used as the chromogen. In the remaining case, abundant melanin pigment was present; hence, immunostaining using alkaline phosphatase was used. Cytoplasmic and/or nuclear staining for S-100 and cytoplasmic staining for HMB-45 and Mart-1 were scored semiquantitatively by 3 cytopathologists (K.H., M.H.R., and S.M.K.) using a 3-tier scoring system in which 0 represented negative staining and 1þ, 2þ, and 3þ corresponded to immunoreactivity in < 10%, 10% to 50%, and > 50% of the tumor cells, respectively. Next, air-dried, Diff-Quik-stained smears from 15 consecutive FNAs of metastatic melanoma (performed between January 2010 and July 2010) in which at least 2 Diff-Quik-stained smears with abundant diagnostic material were present were retrieved from the archive and selected for BRAF mutation testing. Diff-Quik-stained smears (1 slide per case) were incubated in xylene for 1 week. After the coverslips were gently removed, the slides were allowed to dry, reviewed by 2 cytopathologists (K.H. and M.H.R.), and the area most enriched in tumor cells was marked on the underside of each slide using a marking pen. The size of the selected area (in mm 2 ) and the percentage of tumor cells within the area were recorded. In addition, the corresponding cytologic cell block was retrieved for each case for parallel BRAF mutation testing. The cellularity of each cell block was semiquantitatively assessed by evaluating the original hematoxylin and eosin (H & E)-stained cell block sections as follows: 0, acellular; 1þ, sparse cellularity; 2þ, moderate cellularity; and 3þ, abundant cellularity. The estimated percentage of tumor cells was also recorded for each cell block section. For the Diff-Quik-stained direct smears, genomic DNA was extracted from the marked region using the Pinpoint Slide DNA Isolation Kit (Zymo Research Corporation, Orange, Calif) as per the manufacturer's instructions and including the optional purification step. Briefly, Pinpoint Solution was applied to the designated area of each slide to be extracted and allowed to air dry into a thin film. The film was then gently lifted and transferred to a 1.5-mL microcentrifuge tube, and 50 lL of 1-step Extraction Buffer containing proteinase K was added and incubated at 55 C for 4 hours, followed by incubation at 95 C for 10 minutes. An optional DNA cleanup step was performed for each sample by adding 100 lL of Pinpoint Binding Buffer to each proteinase K-treated DNA sample and then transferring the solution to a supplied spin column. The spin column was microcentrifuged for 10 seconds at 14,000g and washed twice with Pinpoint Wash Buffer with microcentrifugation between washes, followed by a final centrifugation step (14,000g for 1 minute). DNA was eluted in a final volume of 25 lL of TE buffer (10 mM of Tris-HCl and 0.5 mM of ethylenediamine tetraacetic acid [EDTA] [pH 9.0]). For paraffin-embedded cytology cell blocks, genomic DNA was extracted on the BioRobot EZ1 (Qiagen, Chatsworth, Calif) using the paraffin section protocol. For each block, 5 sections measuring 10 lm in thickness were used for extraction. DNA was eluted in a final volume of 100 lL of TE buffer. BRAF mutation status was evaluated by direct sequencing. A 204-base pair fragment containing BRAF exon 15 was amplified using the following primer pairs: Table 1 . No significant intracytoplasmic melanin pigment was appreciated in the tumor cells in 16 of the 17 cases. In all 17 cases, immunoreactivity of the tumor cells for S-100 was observed; > 50% of the tumor cells were S-100 positive (þ) in 15 of 17 cases and focal (1þ) and moderate (2þ) positivity was noted in the remaining 2 cases (Table 1) . Next, immunocytochemistry for HMB-45 was performed in 16 of the 17 cases in our cohort; in 13 (81%) of these 16 cases, immunoreactivity of the tumor cells for HMB-45 was observed. Greater than 50% of the tumor cells were HMB-45(þ) in 6 cases. In 5 cases, between 10% and 50% of the tumor cells were HMB-45(þ). In 2 cases, focal staining of the tumor cells (< 10%) was observed ( . Virtually all of the tumor cells were positive for S-100, HMB-45, and Mart-1 (Fig. 1) . Two cases exhibited an S-100(þ)/HMB-45 negative (À)/Mart-1(À) immunophenotype and 1 case displayed an S-100(þ)/HMB-45(À)/ Mart-1(þ) immunoprofile (Fig. 1 ). Immunohistochemistry was also performed using cell block sections in 14 of 17 cases; the immunophenotype of the tumor cells was identical to that observed on the direct smears in all 14 cases. Immunohistochemistry could not be performed in the remaining 3 cases due to acellularity of the cell block preparations. Next, we analyzed cases of metastatic melanoma, using cellular material derived from Diff-Quik-stained smears, for the presence or absence of mutations in BRAF. For this purpose, smears from 15 cases were retrieved from the archive and the coverslips removed. Subsequently, tumor-enriched areas were microdissected from each smear; the microdissected areas ranged from 24 mm 2 to 56 mm 2 (Fig. 2) . The percentage tumor cellularity within these enriched areas was at least 70% for all cases and was > 90% in 11 of 15 cases ( Table 2) . DNA of high quality and purity was obtained in each case. Overall, a mutation in BRAF was observed in 8 (53%) of the 15 melanomas tested. Specifically, the V600E mutation was 
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Abbreviations: FNA, fine-needle aspiration; NP, not performed. a A score of 0 denotes negative staining in all of the tumor cells. Scores of 1þ, 2þ, and 3þ denote immunoreactivity in <10%, 10% to 50%, and >50% of the tumor cells, respectively.
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February 25, 2012 detected in 5 (33%) cases and the V600K mutation was detected in 3 (20%) cases. For comparison, the corresponding cell blocks for each case were also tested in parallel. Seven, 3, and 5 cell blocks exhibited sparse, moderate, and abundant cellularity, respectively; the percentage tumor cellularity varied from < 10% to > 90% (Table 2) . Concordant sequencing results were observed in 14 (93%) of 15 cases; however, in 1 case (Table 2 , case 10), the mutation was not detected in the cellular material obtained from the cell block, whereas the V600E mutation was detected in the direct smear (Fig. 3 ). There were no cases in which a BRAF mutation was detected in the cell block material but not in the cellular material from the smears.
DISCUSSION
Difficulties can be encountered in the diagnosis of melanoma on FNA specimens owing to variations in cytomorphologic presentation and similarities to other malignant entities such as metastatic carcinoma and sarcoma. [3] [4] [5] [7] [8] [9] [10] [11] 19 An accurate cytodiagnosis allows for timely, appropriate staging of patients with this disease and the prompt formulation of appropriate next steps in management. 6 In this regard, immunocytochemistry serves as an essential adjunct in the cytodiagnosis of melanoma. Furthermore, in this era of personalized medicine and evolving targeted chemotherapeutics, there is an increased need for molecular characterization of metastatic melanomas. Recently, this has been exemplified by the detection of activating BRAF mutations in melanoma and subsequent ongoing clinical trials attempting to exploit this molecular signature from a targeted chemotherapeutic standpoint.
2,15
Traditionally, cell blocks have represented the primary means by which additional cellular material is harvested for ancillary immunocytochemical and molecular diagnostic studies. Nonetheless, the absence of sufficient cellular material can pose a problem in the adequate workup of melanoma FNAs in some instances. The cell block cellularity is influenced by several variables Table 1 (original magnificationÂ1000).
including the cellularity of the lesion being targeted by FNA, the percentage tumor cellularity in the lesion being sampled, the precision in targeting the lesion in successive needle passes, effective sampling of the lesion during dedicated FNA passes for the cell block, and postprocedural handling of the needle rinse specimen. In addition, the quantity of tumor cells in the cell block, as assessed by routine H & E staining of cell block sections, is not immediately known. Dedicated passes for the cell block may increase the probability that the cell block is of adequate tumor cellularity; however, it is not possible to ensure the effectiveness of additional cell block passes at the time of the FNA procedure. Recognizing the realistic possibility that cell blocks may provide inadequate material in scenarios in which the need for ancillary studies is the greatest, the aim of this study was 2-fold: 1) to confirm that diagnostic immunocytochemical stains for S-100, HMB-45, and Mart-1 can be performed on direct aspirate smears successfully; and 2) to investigate the use of direct smears as a source of cellular material for the performance of BRAF mutational analysis.
With regard to the first objective, we prospectively performed immunostains for S-100, HMB-45, and Mart-1 in 17 consecutive FNAs of metastatic melanoma in which unstained, air-dried direct smears were obtained on-site for immunocytochemistry. We demonstrated that S-100 was the most sensitive marker because all 17 cases of metastatic melanoma exhibited immunopositivity of the tumor cells for this marker. This is in concordance with previous reports that describe the high sensitivity of S-100 in detecting melanoma tumor cells. 11, 20 For example, Kapila et al 11 examined 19 FNA cases of metastatic melanoma by S-100 immunocytochemistry and observed positivity for this marker in all cases. Nonetheless, because the specificity of S-100 for melanoma is lower compared with HMB-45 and Mart-1, and can label native lymph node elements such as sinus macrophages and dendritic cells, we also examined these latter 2 markers as well. 20 We found that 81% and 88% of melanoma FNAs in our FNA cohort were positive for HMB-45 and Mart-1, respectively. These results are consistent with the findings by Zubovits et al 20 that compared the relative sensitivities of these 3 markers. A few prior reports have demonstrated the utility of direct smears as a platform to perform immunocytochemical stains in the cytodiagnosis of melanoma; these studies used alcohol-fixed, Papanicolaou-stained smears that were destained before immunostaining. 8, 19 However, it has been noted that false-negative results could be observed in S-100 immunocytochemistry when alcohol-fixed smears are used. 13, 19 In the current study, air-dried direct smears were fixed in formalin before antigen retrieval and immunocytochemistry, thereby closely Three cases harboring BRAF mutations are shown. In cases 3 and 7, the V600E and V600K mutations were detected, respectively, in DNA isolated from both the direct smears and cell blocks. In case 10, the V600E mutation was detected in the material obtained from the direct smear but not the cell block.
approximating the conditions of standard immunohistochemical procedures that use sections derived from formalin-fixed tissue. In 14 cases, tumor cells were present in the cell block, allowing for a comparison of immunophenotypes observed on immunostains performed using direct smears and formalin-fixed, paraffin-embedded cell block sections. Identical immunophenotypes were observed in each case, confirming that our protocol for performing immunocytochemistry on air-dried direct smears, after formalin fixation, closely approximates the conditions under which immunohistochemistry on cell block sections is performed. It is interesting to note that 1 FNA of metastatic melanoma exhibited a paucicellularity of tumor cells in a background of numerous polymorphous lymphocytes (Table 1 , case 2). This scenario highlights a potential limitation of relying on cell blocks for immunocytochemical studies. Especially in this case, ensuring that the tumor cells would be adequately represented in the cell block during the on-site assessment of adequacy would be difficult, despite additional dedicated passes being performed. For this case, the immunostains for S-100, HMB-45, and Mart-1 selectively highlighted the sparsely scattered tumor cells in the background lymphoid milieu. Although not having performed S-100, HMB-45, and Mart-1 immunocytochemistry on nonmelanoma aspirates represents a limitation to the current study, our results demonstrate the diagnostic utility of performing immunocytochemistry for these 3 markers in the diagnosis of melanoma FNAs. Another key finding in the current study is that the use of cytologic direct smears proved to be a robust and reliable methodology for molecular testing. Mutation testing was successfully performed using cellular material microdissected from archived, Diff-Quik-stained, decoverslipped smears. Overall, BRAF mutations were observed at the expected frequency 15 because 53% of the tumors analyzed in this study harbored mutations in BRAF. The majority of the mutations resulted in the V600E substitution and a minority of tumors exhibited the V600K substitution. This is consistent with prior observations that the most common BRAF mutation in melanoma is V600E followed by V600K. 16, 17 In all but 1 case, BRAF sequencing results using cellular material obtained from the direct smears yielded results that were concordant with those obtained from the corresponding cell blocks. Of note, the 1 discordant case in which a BRAF mutation was identified in the direct smear but not the corresponding cell block was due to limited tumor cellularity in the latter. Specifically, the overall cellularity of the cell block was low, and > 90% of the cells present in the cell block were comprised of background lymphocytes ( Table 2 , case 10). Given the limited ability to microdissect for tumor cells in cell blocks, this case highlights a potential limitation of cell blocks containing tumor cells dispersed among background-contaminating benign cells. Moreover, because cell blocks represent a cumulative, pooled specimen derived from multiple needle passes, dilution of the tumor cell population by benign cellular elements can yield false-negative mutation results due to the limited analytic sensitivity of many molecular tests. The advantages of using air-dried, Diff-Quik-stained smears for molecular testing include the higher quality of DNA isolated relative to that prepared from formalinfixed tissue and the long-term stability of the DNA in archived smears. 21 Most importantly, the Diff-Quik staining method is quick, inexpensive, and allows for the rapid verification of tumor cell adequacy. Tumor-enriched areas can be easily identified and marked before triaging for molecular studies. In this regard, our study differs from a recent study by Sviatoha et al who performed BRAF mutational analysis on melanoma FNAs. 22 In their study, pelleted, frozen cellular material from aspirates was used for molecular testing. In this setting, it is not possible to enrich for the tumor cell population; hence, if the representation of the tumor cell population is low in a particular aspirate, a false-negative result may be obtained on molecular assays designed to detect mutations. Recently, we observed that air-dried smears represented a robust source of cellular material for epidermal growth factor receptor (EGFR) and KRAS mutational analysis of pulmonary nonsmall cell lung cancer. 23 Our success in performing BRAF mutational analysis in this study reiterates the utility and effectiveness of direct smears for molecular assays. Overall, these findings are fortuitous for cytopathologists who are responsible for ensuring immediate adequacy assessments and for triaging cellular material based on examining DiffQuik-stained smears on-site. In the current study, we used decoverslipped smears as a source of cellular material for molecular analysis. Although the Diff-Quik staining protocol and the process of decoverslipping archival smears do not compromise the quality of the DNA isolated for molecular studies, as evidenced by our findings, we realize that the procedure of removing coverslips can still be time-consuming. Therefore, to ensure a quicker turnaround time for obtaining results of mutational analysis, it would be more convenient for the cytopathologist to anticipate that additional cellular material will be needed for molecular analysis and to maintain at least 1 air-dried, uncoverslipped slide at the time of the FNA procedure. Should molecular testing be requested, this slide can be promptly stained with Diff-Quik, marked to indicate tumor-enriched areas, and immediately sent to the molecular diagnostics laboratory for mutational analysis.
The current study findings have important implications for the optimal triage of FNA speciemens for cytodiagnosis and molecular analysis. Preparing multiple unstained direct smears from 1 or more FNA passes would allow the cytologist to confirm on-site that adequate material has been obtained not only for cytodiagnosis but also for ancillary studies. Specifically, in addition to the routinely prepared air-dried, Diff-Quikstained and alcohol-fixed, Papanicolaou-stained smears per pass, 1 or more additional smears could be prepared for ancillary studies by evenly distributing the aspirate material over multiple slides. Visualization of tumor cells on the Diff-Quik-stained smear would signify the presence of tumor cells in the additional unstained direct smears. We acknowledge that the continued use of needle rinses and dedicated passes for the cell block would serve to preserve the remainder of the cellular material in formalinfixed, paraffin-embedded form for future studies as needed. This protocol, however, would reduce and potentially eliminate the reliance solely on the cell block as a source of cellular material for these studies. Thus, optimization of FNA specimen triage during on-site assessments can further cement the essential role of FNA with cytologic examination in the management of patients with metastatic melanoma. In an era in which the number of necessary ancillary studies is likely to increase, cytopathologists can meet the challenge of optimally using limited FNA material and simultaneously preventing additional invasive procedures that could result from scenarios in which the cell blocks exhibit insufficient cellularity.
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